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1. Introduction
In RAN #71 meeting, the new MUST WID [1] was approved. Apart from MUST cases 1 and 2 already discussed in previous RAN 1 meetings, a new Case 3 have been described in the WID which requires further study. 
Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

For Case 3, the objectives include:
· (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, evaluate the system-level performance based on the evaluation methodology and assumptions in TR36.859.

· (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation, following the outcomes of objective 1 to 4.

In RAN1 #84bis meeting, the following agreements for system level evaluation of Case 3 have been made:
· Follow the UE receiver assumptions described in TR36.859

· Each company is encouraged to provide the following information together with system-level results:

· Detailed method of link-to-system mapping applied in the system-level evaluation

· Assumptions on CSI feedback, network assistance signalling, and blind detection

· Note that realistic feedback should be assumed

· Assumptions on DMRS configurations

In this contribution, we first discuss about possible ways to modify current TR [2] to include a category description covering MUST case 3. Then we provide evaluation results for multi-user interference cancellation under MUST case 3 using up to 8Tx, which shows the MUST gain and the necessity for MUST enhancement. 
2. Discussion on new MUST category
In the current version of MUST TR36.897 [2], three categories of MUST schemes using the same precoder or the same transmit diversity have been described. However, since a new case 3 has been described in the approved WID, the necessity of whether and how MUST categories in TR 36.897 can be modified should be discussed.
Since the signals of different users use different precoders, the superposition cannot be performed in bit level, thus Category 3 in current TR is not suitable for Case 3. In Figure 1, we provide our understanding on the transmitter side processing of MUST Case 3.  It can be observed that the differences between Figure 1 and Figure 5.1.1-1 that describes Category 1 in current TR [2] are that the two codewords are separately precoded and there is no power allocation among them, as shown in Figure 1.
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Figure 1: An example of transmitter side processing of MUST Case 3
Therefore, some changes in the TR are needed to include a category description covering MUST case 3. There are two alternatives that the TR can be modified. 
Alternative 1: Introduce a new category (category 4) for MUST case 3 transmission. 
Alternative 2: Revise current Category 1 into a more generalized form to include MUST case 3. 
At this stage it is yet clear which alternative is better, therefore we propose:
Proposal 1: Either introduce a new category or revise current category 1 for case 3.
Moreover, it is yet clear if the concept of gray mapping in MUST category 2 can be applied to case 3 transmissions. It is proposed that:
Proposal 2: Further discuss if constellation rotation (MUST category 2) can be applied to MUST case 3. 
3. Evaluation results for MUST using different precoders
Before we provide evaluation results in this section, we propose a change required in the simulation assumption in current TR 36.897.
Proposal 3: Considering MUST case 3, the antenna configuration 8Tx/2Rx should also be changed to ``mandatory’’ in the simulation assumption.
Performance evaluation results of MUST transmission with 8Tx using different precoders are shown in this section. Two schedulers are considered. The first scheduler is PF-based, and the second is random scheduler where the paired users are randomly selected. For both cases, the conventional MU-MIMO transmission without interference cancellation/suppression is applied as the baseline, and EBB is adopted as the precoder of each user.
Table 1 and Table 2 provide the system level simulation results for MUST gain over MU-MIMO transmission without interference cancelation/suppression using PF-based scheduler and random scheduler, respectively. Detailed evaluation assumptions are provided in the Appendix.
Table 1. System level simulation results in Umi scenario
	
	PF-based scheduler
	Random scheduler

	
	w/o MUST
	w/ MUST
	Gain
	w/o MUST
	w/ MUST
	Gain

	Average-cell

spectrum efficiency
	3.6064
	4.1991
	16.43%
	2.1506
	2.8443
	32.26%

	Cell-edge

spectrum efficiency
	0.1471
	0.1575
	7.07%
	0.0909
	0.1024
	12.65%


Table 2. System level simulation results in Uma scenario
	
	PF-based scheduler
	Random scheduler

	
	w/o MUST
	w/ MUST
	Gain
	w/o MUST
	w/ MUST
	Gain

	Average-cell

spectrum efficiency
	3.3326
	3.8235
	14.73%
	1.9773
	2.5715
	30.05%

	Cell-edge

spectrum efficiency
	0.1358
	0.1436
	5.74%
	0.0710
	0.0852
	20%


From Table 1 and Table 2, we can observe that in both Umi and Uma scenarios, MUST transmission in MUST case 3 can provide considerable gain in terms of both average-cell SE and cell-edge SE. It can be observed that the gain under the random scheduler exceeds that under PF-based scheduler, this is because in the former case, the multi-user interference is more severe, thus necessitating interference cancelation/suppression. 
Observation: Non-linear receiver demonstrates considerable gains in 8Tx system.
4. Conclusion
In this contribution, the following proposals and observations are proposed:
Proposal 1: Either introduce a new category or revise current category 1 for case 3.
Proposal 2: Further discuss if constellation rotation (MUST category 2) can be applied to MUST case 3. 

Proposal 3: Considering MUST case 3, the antenna configuration 8Tx/2Rx should also be changed to ``mandatory’’ in the simulation assumption.
Observation: Non-linear receiver demonstrates considerable gains in 8Tx system.
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Appendix
	Parameters
	Values

	Homogeneous scenarios
	3D-Umi ISD 200m, 3D-Uma ISD 500m

	Polarized antenna modeling
	Model-2 from 36.873

	Traffic model
	Full Buffer

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz(50 PRBs)

	UE attachment
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency
	2GHz

	Downtilt
	100 degree

	Network synchronization
	Synchronized

	UE speed
	3km/h

	UE distribution
	According to 36.873

	UE array orientation
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 uniformly distributed on [0,360] degree, [image: image5.png]


degree, [image: image7.png]


 degree

	UE antenna pattern
	Isotropic antenna gain pattern [image: image9.png]




	Receiver
	Ideal channel estimation and interference modeling, SLIC receiver with accurate covariance matrix

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Duplex mode
	TDD

	Feedback
	PUSCH 3-0 for reciprocity based operation

	
	CQI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	SRS
	2 Tx, 10 ms periodicity, wideband

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaption (no CoMP)

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 or 24 REs per PRB

	Scheduler
	PF scheduler, random scheduler

	L2S mapping
	Same modeling methodology as in [3] 

	DMRS configuration
	Maximum 4 co-scheduled UEs with port 7, 8
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